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«  NEW  APPROACH  TO 
PLASTIC-MANDREL  FAORICATION 


By 


Ray  A.  Miller  and  Henry  T.  Sampson 
Propulsion  Development  Department 


ABSTRACT.  This  report  describes  the  development  of  an 
economical  process  for  fabricating  plastic  mandrels  for 
use  in  solid-propellant  rocket  motors. 

Several  different  types  of  mandrels  were  produced  from 
plastic  materials  for  new  solid-propellant  rocket  motors. 
Tests  were  performed  to  determine  the  shrinkage  of  the 
plastic  mandrels^  tensile  strength  of  various  formulations 
of  plastic,  surface  roughness  of  plastic  mandrels  as  com¬ 
pared  to  the  master  mandrels,  thermal  conductivities  of 
the  plastic  formulations,  and  bond  strengths  of  a  silicone- 
elastomer  coating  as  a  mold-release  agent  on  plastic 
mandrels . 

Satisfactory  mandrels  for  motors  up  to  24  inches  in 
diameter  and  84  inches  in  length  can  be  made. 


Where  several  mandrels  are  required,  producing  plastic 
mandrels  is  economically  feasible. 


A  method  for  coating  plastic  and  fabricated  aluminum 
mandrels,  not  involving  the  use  of  any  materials  leav¬ 
ing  a  residual  grease  or  wax  coating,  has  been  developed. 
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INTRODUCTION 


This  report  deecribes  recent  progress  in  the  development  of  an 
economical  and  rapid  process  for  fabricating  plastic  mandrels  for  use  in 
solid-propellant  rocket  motors.  The  process  was  described  briefly  in 
NOTS  TP  2307.  The  most  effective  method  found  is  described. 

A  master  mandrel,  or  pattern,  is  fabricated  from  aluminum,  steel, 
an  epoxy  resin  with  aluniinum  powder  as  filler,  wood,  or  any  nonporous 
material.  The  pattern  is  placed  in  a  suitable  mold,  and  a  silicone  rubber 
compound  of  the  room-temperature-vulcanizlng  (RTV)  type  is  cast  around 
it.  After  the  silicone  rubber  is  cured,  the  pattern  is  removed,  leaving 
a  female  reproduction,  or  chase, ^  of  the  master  pattern.  This  cavity  is 
then  cast  with  an  epoxy-aluminum  mixture.  After  being  cured,  the  epoxy- 
aluminum  mandrel,  or  core,  is  removed  from  the  mold  and  post-cured. 

The  epoxsT—atuminum  mandrel  is  painted,  dipped,  or  sprayed  with  two 
priaiers  and  dried.  A  coating  of  RTV  rubber  is  then  applied  over  the  entire 
surface  of  the  mandrel  and  cured.  The  plastic  mandrel  is  now  ready  for 
use  in  forming  the  center  cavity  of  the  propellant  in  a  rocket  motor. 

Several  advantages  are  realized  using  this  system,  as  compared  to 
machining  or  extruding  mandrels.  The  primary  advantages  are  low  cost, 
short  fabrication  tlsw,  and  li^t  weight. 

As  compared  to  other  techniques  of  making  plastic  mandrels,  the  re« 
prcKluctlon  of  the  pattern  by  the  RTV  rubber  is  very  good,  since  no  mold* 
release  agents  are  required  in  making  the  pattern  or  the  female  mold. 

Ihe  plastic  mandrel  with  the  RTV  coating  requires  no  release  agent  and 
can  be  used  many  times  before  recoatlng  with  fresh  RTV  is  necessary. 
Propellants  have  been  cast  using  the  some  mandrel  many  times  without 
damage  to  the  silicone-rubber  coating.  Repairing  scratches  in  the  sili¬ 
cone  coating  is  nuch  si^>ler  than  repairing  a  Tbflon  coating  on  a  metal 
mandrel. 

Using  this  process,  only  one  pattern  is  required,  since  the  first 
reproductions  nay  be  ua^  aa  naater  mandrel  patterns  to  cast  additional 
chasea. 

Another  advantage  of  plastic  mandrels  over  metal  mandrels  in  devel¬ 
opment  work  is  the  fact  that  plastic  reproductions  can  be  machined,  or 
nodlfied,  to  give  a  new  design  without  ruining  the  original  pattern. 


*The  main  body  of  the  mold  that  contains  the  molding  cavity,  the 
guide  pins,  etc. 
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Ibndrels  fabricated  frcai  altwlnuB  tubca  Hay  varp  at  the  high  tem» 
peratures  required  for  Teflon  coating.  Usiiig  cured  RTT  rubber  am  the 
releaae  agent  in  canting  propellant  ellninaten  the  need  for  excessive 
heating. 

The  silicone  rubber  chase  nay  also  be  used  for  casting  nandrels 
made  of  low-melting  alloys. 


INSCRIPTION  OF  KATSRZALS  AND  APPARATUS 

The  silicone  rubber  currently  in  use  is  RTV-SO^  which  is  supplied 
by  the  General  Electric  Company.  If  post-cured  p^aperly^  it  may  be 
used  at  temperatures  above  400°^.  The  rubber  is  self-releasing  from 
most  surfaces.  One  exception  is  that  the  unoured  liquid  prepolyner 

will  bond  to  the  cured  RTV-60. 

RTV-88^  also  supplied  by  General  Electric,  has  been  used  in  mandrel 
coatings.  It  is  similar  to  RTV-60  but  has  a  higher  viscosity. 

The  primers  used  are  81822  and  XS-40O4.  The  silicone  fluid  SF-69 

is  used  as  a  viscosity  adjuster  in  the  RTV-60. 

Thermolite  12  is  used  as  the  catalyst  for  the  RTV-60.  Depending 
on  the  desired  pot  life,  I/IO  to  X%  is  used. 

The  Epon  epoxy  resin  series  is  used  almost  exclusively  as  the 
binder  for  the  plastic  mandrels.  Epon  828,  815,  and  362  were  used 
with  good  results;  however,  other  equivalent  epoxies  would  be  suitable. 

Hardner  951  is  used  with  the  epoxies.  Approximately  10  parts  per 
hundred  of  resin  is  used,  depending  on  the  amount  of  prepolymer  being 
mixed.  With  small  mandrels,  a  curing  time  of  about  4  hours  at  room 
temperature  is  required.  At  110°F,  a  curing  time  of  2  hours  is  adequate. 

Atomized  aluminum  powder  is  used  as  the  filler  for  most  formula¬ 
tions.  Other  materials  were  evaluated,  with  varying  degrees  of  success. 
The  use  of  phenolic  microballoons  in  an  epoxy  base  gave  exceedingly 
light  mandrels,  but  these  mandrels  were  extremely  brittle.  The  same 
was  true  of  epoxies  filled  with  carbon  black.  Teflon-filled  epoxies 
were  strong,  but  the  finely  divided  Teflon  is  very  expensive. 

Mixing  of  the  RTV  rubbers  with  catalyst  may  be  accomplished  in 
various  types  of  mixers.  Currently,  a  Lightnln  air-driven  mixer,  a 
Cowles  Dissolver,  or  a  vertical  propellant  mixer  is  used.  A  photo¬ 
graph  of  a  23-galloa  vertical  propellant  mixer. is  shown  in  Fig.  1. 

The  epoxy  resin  and  atomized  aluminum  powder  were  mixed  in  a  simi¬ 
lar  manner  to  the  RTV  rubber.  Ihe  catalyst  is  usually  mixed  into  the 
epoxy-aluminum  mixture  with  a  Lightnin  mixer  or  the  Cowles  Dissolver. 
Since  the  pot  life  in  a  large  batch  of  catalyzed  epoxy  is  unreliable, 
the  expensive  propellant  mixers  are  not  used. 
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FW.  1.  Tirenty-Flv«»Oallon  Vertical  Propellant  Mixer. 
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DESORIPTZOir  OP  PROCEDURE 

Only  one  pattern  1*  requlired  -to  Zebricate  many  plastic  mandrels. 
This  pattern  nay  be  made  of  almost:  »ny  suitable  naterial^  the  only  re¬ 
quirement  being  that  if  a  porous  ma.t:erlal  is  used,  the  surface  should 
sealed  with  wax  or  a  similar  ma.t:erlal.  In  the  past,  aluminum, 
steel,  epoxy— aluminum,  and  wooden  patterns  were  used.  The  aluminum 
and  steel  patterns  need  not  be  Tef  1  on- coated.  The  epoxy— aluminum  pat¬ 
terns  require  no  release  agent.  Woo«len  patterns  are  hand-rubbed  with 
wax  to  prevent  the  silicone- rubber  chase  from  mechanically  bonding  to 
the  relatively  porous  wood  surface* 

The  cylindrical  metal  tube  ( F±  gr .  2},  in  which  the  chase  is  molded, 

is  designed  so  that  the  minimum  waXl  thickness  of  the  silicone  rubber 


FIG.  2.  Alignment  FfSEttmts  and  Bnpty  Mold. 
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is  at  laast  1/4  inch.  Xf  vary  large  aaiidrela  ara  to  be  produced^  tha 
■old  ahould  ba  designed  to  follow  the  contours  of  the  nandrel  pattern 
and,  thereby,  acononixa  on  the  aoount  of  silicone  rubber  required. 

Iha  cylindrical  aetal  Bold  surface  la  degreased  by  cleaning  It 
thoroughly  with  trichloroethylene  and  drying  it  at  rocm  teBperatura. 

It  la  then  painted  with  81822  prlnar  and  allowed  to  stand  ovarnii^t. 
(Consult  Table  1  for  conplete  raw  naterial  list.)  Then  it  is  coated 
with  XS-4004  primer  and  dried  for  at  least  2  hours  at  roon  temperature. 
After  the  silicone  prepolsrmer  has  been  cast  into  the  cylindrical  natal 
tube  and  cured,  the  rubber  will  be  case-bonded  to  the  chase,  fonsing 
the  internal  cavity.  This  is  done  to  keep  the  nold  iron  constricting 
or  warping  as  a  result  of  shrinkage  of  the  rubber. 

TABLE  1.  Raw  Mateuais  and  Tmeir  Sufpuus 


Material 

SappUer 

BISS2  fwimer . . . 

XS>4004  primer . 

. . . Ganeral  Ebclric  Co. 

ftTVelU)  kiTicoiift  nblMT  ... 

TkermoUte  12  . 

Sp.69  ailicoae  tlaM . 

. Ceaeral  Electric  Co. 

gTV-88  ailicoB*  rahbw  ... 

Epos  828 . 

EpOB  815 . 

Epoa  562 . 

Harjeer  951 . 

. Shell  Ckemicol  Corp. 

. . . Foreso  Pleetics  Corp. 

Alcoa  123 . . . . 

Devcon  B . 

Hardner  B . 

RTV«20  •ilicoae  rakber... 

. Alumteom  Coepany  of  Ameiict 

The  pattern  is  then  positioned  in  the  cylindrical  netal  tube  by 
using  a  suitable  alignnent  fixture.  A  typical  alignment  assembly  is 
shown  in  the  upper  right  hand  corner,  and  the  components  are  shown  in 
the  lower  left  comer  of  Fig.  2.  The  fixture  is  required  only  to 
center  the  pattern  and  regulate  the  length  of  the  chase. 

The  proper  amount  of  RT7-60,  or  equivalent,  is  weighed  out  along 
with  the  Themolite  12  catalyst.  The  quantity  of  Thermolite  12  used 
will  detemlne  pot  life.  After  being  nixed  thorfuighly,  this  catalyzed 
RTF  rubber  is  cast  under  vacuum  into  the  chase.  An  easier  casting  pro¬ 
cedure  was  developed  so  that  vacuun  casting  is  not  necessary.  Itais 
technique  involves  brushing  a  coat  of  RTV  rubber  on  the  clean  unprlned 
pattern  before  inserting  it  into  the  metal  tube.  Tbe  remainder  of  the 
RTF  ic  -then  cast  around  the  pattern.  This  procedure  prevents  air  bub¬ 
bles  from  collecting  at  the  interface  between  the  pattern  and  the  chase 
and  assures  that  the  entire  surface  of  the  pattern  is  wetted  by  the  un- 
cumd  rubber,  nils  procedim  is  less  desirable  than  vacuum  casting 
because  bubbles  may  form  In  the  body  of  the  chase. 
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The  chase  !•  then  allowed  to  curw  at  room  temperature  for  72  hour*. 
If  the  chase  Is  to  be  uaed  at  elevated  temperatures^  it  la  post-cured  at 
temperatures  that  are  increased  Incrementally  (50  to  100°F  incremente 
above  250°F)  until  it  haa  been  post-cured  at  a  temperature  higher  than 
the  desired  service  temperature. 

The  pattern  may  be  removed  from  the  chase  either  by  hand  or  by  a 
hydraulic  Jack. 

The  epoxy  resin  and  aluminum  for  the  mandrel  are  weighed  and  nixed. 
The  proper  amount  of  catalyst  is  then  added  and  mixed  into  the  epoxy-* 
aluminum  mixture.  Typical  formulations  and  corresponding  physical  prop¬ 
erties  may  be  found  in  Table  2.  This  mixture  is  then  degassed  as  rap¬ 
idly  as  possible  in  a  vacuum  bell.  A  metal  stud  smaller  in  diameter 
than  the  central  hub  ot  the  mandrel  is  inserted  into  the  top  through 
the  chase  and  into  the  bottcxn  plate  of  the  alignment  fixture.  The 
epoxy— aluminum  slurry  is  then  cast  around  it.  Experience  has  shown  that 
vacuum  casting  is  not  necessary.  After  the  plastic  is  cured  at  rcKMi 
temperature^  the  alignment  fixture  is  opened  and  the  plastic  mandrel 
removed  from  the  mold  by  pulling  on  the  locating  pin,  which  is  now 
part  of  the  plastic  mandrel  as  a  metal  Insert.  Several  alternate  pro¬ 
cedures  have  been  devised,  one  of  which  allows  production  of  a  plastic 
mandrel  with  any  desired  internal  thread  cast  into  the  epoxj'-aluminisn. 
Internal  threads  of  epoxy— aluminum  are  sufficiently  strong  for  most 
applications. 


TABLE  3.  Ei>oKT  Formulations  and  Tdeis  Pdtskal  PaopcaTiEs 


Formulation 

no. 

Ingredients,  % 

PhysictI  properties 

Kpon  815 

Fpon  828 

Kpon  526 

Alcoa 

123 

Hards  er 

'  951 

Detrcot  H 

Hardaer  B 

1  TeBsile 
strenftht 
psi 

%  ■ 

1 

46.5 

50.0 

3.3 

5,337 

5.9 

2 

37.4 

60.0 

2.6 

4,170 

5.3 

3 

28.0 

70.0 

2.0 

4.244 

5.4 

« 

36.7 

10.0 

50.0 

3.3 

2,876 

3.2 

5 

27.4 

10.0 

60.0 

2.6 

2,975 

3.8 

6 

22.7 

10.0 

6S4I 

2.3 

5.321 

7 

36.7 

10.0 

50.0 

S.S 

4,712 

6.5 

R 

27.4 

10.0 

60.0 

2.6 

3,977 

6.2 

9  ■ 

18.0 

.  1 

lO.O 

70.0 

2.0 

5,263 

7.4 

10 

90.0 

10.0 

2,065 

3.9 

Upon  removal  of  the  plastic  mandrel  from  the  chase,  the  mandrel  is 
painted,  or  sprayed,  with  primers  81822  and  XS-4004  in  the  same  manner 
as  described  for  the  priming  of  the  cylindrical  tube  walls.  This  is 
necessary  since  the  RTV  rubber  will  not  bond  to  the  epoxy  without  a 
primer  coat. 

The  mandrel  Is  then  coated  with  a  mixture  of  catalyzed  RTV-60  and 
8F-89.  This  may  be  coated  with  a  brush  or  sprayed.  In  Fig.  3,  the 
coating  is  being  applied  onto  the  primed  plastic  surface  with  a  brush. 

After  the  coating  is  cured  at  room  temperature,  it  may  be  post-cured 
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FIO.  3.  Plastic  Mandrel  Being  Coated  With  Silicone  Rubber. 

at  temperatures  above  the  desired  service  teiqierature.  Ihe  thin  coat¬ 
ing  of  RTV  rubber  than  acts  as  a  nold-release  agent  when  the  mandrel  is 
used  for  forming  the  cast  propellant. 


tXPBRlMBNTAL  DATA 


Experience  indicates  RTV-60  Is  superior  to  RTV-SO  for  SMking 
plastic-nandrel  molds.  It  has  a  much  higher  tear  strength  and  hardness, 
ehlch  allows  each  mold  to  produce  a  greeter  number  of  mandrels  before 
patching  is  necessary.  Most  molds  for  small  mandrels  will  produce  at 
least  20  mandrels  before  mold  damage  is  evident.  Two  molds  of  a  man¬ 
drel  2.S  inches  in  diameter  and  70  inches  long  have  produced  iwer  30 
plastic  reproduct i<Ni8  each,  while  at  a  temperature  of  110°F  to  speed 
prcNhictloa.  Bmnll  mandrels  east  in  itTV-20  molds  are  larger  in  all 
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dipensiong  than  the  pattern,  nis  Is  due  to  compreselon  of  the  soft  RTV- 
20.  Identical  sandrels  cast  In  RTV-60  molds  are  amaller  in  all  dlmeaeions 
than  the  pattern  because  of  shrinkage  of  the  epoxy-alualnum  formulations 
used.  Figure  4  conpares  the  dimensions  of  an  aluminum  mandrel  pattern 
with  the  dimensions  of  mandrels  cast  in  RTV-60  and  RTV'*20  molds  made  from 
the  pattern.  Figure  5  compares  the  dimensions  of  a  plastic  mandrel  for 
use  in  forming  the  perforation  of  a  24-inch  diaaieter  motor  with  the  di¬ 
mensions  of  the  aluminum  pattern  from  which  it  was  made. 

Uany  different  formulations  of  plastic  were  used.  Some  of  the  resins 
evaluated  were  £pon  828^  815^  and  362,  Devcon,  and  various  polyesters. 
Aluminum  Teflon^  phenolic  mlcroballoons,  and  carbon  black  were  evaluated 
as  fillers.  The  best  formulations  appeared  to  be  mixtures  of  epoxies, 
since  higher  elongations  were  obtained  at  approximately  the  same  level  of 
tensile  strength  ware  obtained  than  with  the  individual  resins.  The  phys¬ 
ical  properties  desired  are  from  4,000  to  5,000  psi  tensile  and  3  to  10% 
elongation.  Fairly  high  concentrations  of  aluminum  are  used  to  hold 
shrinkage  to  a  minimum,  as  well  as  to  cut  costs  and  increase  the  thensal 
conductivity  of  the  plastic  mandrels. 

Mandrels  cast  of  Devcon  B  containing  80%,  by  weight,  of  finely 
divided  steel  had  only  one-half,  or  less,  the  tensile  strength  of  the 
epoxy— aluminum  mixtures  tested. 


A 

MANDREL  PATTERN  (AL)  0.191 

ePOXY.AL  CAST  IN  RTV.20  MOLD  0.209 
EPOXY-AL  CAST  IN  RTV.60  MOLD  0. 179 


PATTERN 

pattern 

VARIATION. 

VARIATION, 

IN, 

• 

IN. 

0 

A734 

0 

0.011 

4.fm 

0.006 

-0.012 

4.722 

-o.oia 

tXO.  4.  Oifferenoes  in  Dimensions  Between  Plsstio  and  Aluminum 

Mandrpls  for  12- Inch  Diameter  Spherioal  Motor. 
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FIO.  a.  DiffenvnoMs  in  IMnensions  BetnMii  Plastic  and  AluaiBun 
Mandrels  for  24-lnoh  Oiai«st«r  Motor* 

Figure  6  sliovo  tlie  effect  of  varying  the  aluainua  filler  content 
on  the  thermal  conductivity  ia  plastic*aaadrel  foraulationa.  Soae 
types  of  prf^llant  rsquiire  curing  by  beating  the  Inside  of  the  mandrel 
as  well  as  the  outside  of  the  aotor^  in  order  to  lower  the  curing  tiae. 
For  these  motors,  special  mandrels  are  used  with  heating  tubes^  cast 
into  the  epoaiy-alumiaum,  acting  as  a  bub  for  the  fins.  Iherefore, 
formulations  having  hlfd*  thermal  conductivity  are  desirable.  Two  man¬ 
drels  with  internal  heating  pipes  are  shown  in  Fig*  7. 

The  surface  roughness  of  the  plastic  aandrels  is  essentially  the 
saae  as  that  of  the  pattern.  Measureaents  of  the  roughness  of  various  . 
plastic  mandrels  were,  on  the  average,  from  14  to  30  microinches.  Ihe 
values  read  are  probably  accurate  to  a3  aleroinchea.  These  data  are 
preaented  in  Table  3. 

Aa  described  under  Procedures,  a  thin  cost  of  RTV-60  rubber  is 
used  as  the  release  agent  between  the  plastic  aandrel  and  the  propel¬ 
lant.  This  type  of  Bold- re lease  agent  has  several  advantages  over 
other  types.  The  surface  of  the  propellant  la  free  of  reeidue  that 
night  interfere  with  pr<^llant  ignition.  The  plastic  aaadrel  aay  be 
used  several  tinea  before  recoating  is  necessary.  Recosting  is  neces- 
.  aary  periodically  because  of  careleas  handling.  Aa  hlfdi  sa  40  releaaea 
frcn  propellant  have  been  obtained  frcn  a  single  coating. 

Coating  of  tha  plastic  aandrels  with  tha  RTF-dO  rubber  is  made 
easier  by  the  addition  of  SF-69  fluid.  Zhla  aliowa  the  viscosity  to  be 
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ALUMNMIII  fium  m  IMKV,  % 

FIG.  6.  Thermal  Conductivity  Versus  Percentage  of  Alumlniun  Filler. 
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FXO.  7.  Plastic  llandrais  With  Heating  Pipes  Cast  in  Place. 


TABLE  3.  StiBrACB  RovGflNEasCoiiPAaBONor 
PArmN  AMO  Pusnc  REnoovcnod 


Maadral  type 

Fiaiah 

Pattara* 

plastic* 

4  l/2<4a.  ceaed  maadfo! . 

1 

to 

10 

4  I  /'2>dB.  caaad  madrol . 

S 

IT 

IS 

4  1  /2-te.  caaed  maadwl . 

s 

17 

14 

4  l/2>ia.  caaad  madral . 

4 

11 

18 

12<da.  caaad  maadral  . 

1 

IS 

2S 

I24b«  caaad  maadral  . 

S 

.  ts 

25 

12^b.  aacaaad  maadral  . 

1 

21 

30 

12da.  aacoaed  maadrel  . 

2 

•2 

25 

2  I/2«ia.  foaad  maadral . 

SO 

2S 

"Sarfac*  fiaish  in  microiachen.  Mennarcmentn  made  oa  a  Type 
Q  Profilometer  maaafacteted  by  Pkyaiciatn  Rcaaatdi  Company.  Am 
Atkar,  Micit.  Trooar  hMi  typo  LA  t-tSwaannad. 


11 


f 


t 


mvWOT  IBBPOgr  T65i 


vmrimA  over  a  vide  range  bjr  varying  the  concent rati  cm  of  Sf-09.  An 
adequately  low  vlecoaity  (5,000-10,000  cpa)  for  coating  the  aandrele 
evenly  can  be  obtained  ualng  10-20%  of  SF-Se. 

It  has  been  found  that  the  addition  of  SF-69  affects  the  phyaical 
properties  of  the  silicone  rubber.  Consequently,  a  dip  procsess  is 
being  investigated  that  would  ellainate  the  use  of  the  SF^OO  fluid. 
N-heptane  is  being  used  as  the  dispersicm  medium,  with  5  to  10%  RTV'>60 
or  RTV-88  suspended  in  it.  Low  concentrations  of  catalyst  will  extend 
the  pot  life  of  the  solution.  Low  percentages  of  RTV  rubber  in  sus¬ 
pension  are  desirable,  since  forming  very  thin  coatings  will  decrease 
costs  and  still  be  adequate  for  release  purposes.  Figure  8  is  a  series 


FIG,  8.  Plastic  Mandrels  for  4.5-,  12 and  24-Inch 
Spherical  Rocket  Motors. 
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of  plastic  Mandrels  that  were  produced  lor  a  faMily  ol  spherical  racket 
motors . 

Belease  properties  of  the  RTV  rubber^  when  applied  to  plsstic  nan' 
drels,  compare  very  well  with  the  corresponding  properties  ol  Mandrels 
coated  with  Teflon.  In  one  case^  a  Tellon-coated  Mandrel  released  at 
1.7S  psl;  and  the  RTV-coated  mandrel  required  1.95  pal.  This  dllference 
is  very  small  and  inslgnilioant  since  the  reading  accuracy  Is  aO.25  psi, 
These  pressure  readings  demonstrate  that  the  BTV  rubber  doea  possess 
very  good  release  properties. 

An  experiment  was  perlomed  to  develop  the  most  satisfactory  proc¬ 
ess  lor  bonding  the  RTV  rubber  to  the  plaatic  Mandrels  to  act  as  a 
release  agent  Iron  propellant.  Superior  results  were  obtained  by  a 
combination  of  two  priner  systens.  These  data  and  the  preparation  ol 
sasqileB  are  presented  in  Table  4. 


TABLE  4.  Avcrage  SnuwGTBScr  Bond pok  Poor  Pumdic  Systems 


Sample 

ae. 

Bead  atreagA, 

psi" 

Type  of  lailaie 

Method  of  preperstioa 

1 

14 

100%  adheeive 

Coated  sdA  XS4004t  dried  hr  8  honrst  coated 
siA  RTV  slUcme  rubber 

2 

2S 

95—100%  adliesiva 

Primed  wiA  XS4004;  dried  at  ITO^F  for  15  min* 

ntesi  lepilaed  with  XS.4004;  dried;  I1TV40 
cast  w  surface 

S 

18 

100%  adhesive 

Ssam  as  sampla  auaAer  1 

4 

129 

(^15%  adkeeive  to  raUer 

Primed  with  61B22;  dried  ovemi^tt  primed  wiA 
XS4004;  dried;  cast  with  RTV40 

5 

1S3 

30.40%  adhesive  to  rubber 

Primed  wiA  81822;  dried  ovemightt  cast  wiA 
RTV40 

* 

148 

0—S%  adhesive  hi  rubber 

Sana  aa  aaiaple  mmhar  4 

*Kacli  aWeagth  to  as  avenga  of  flve  ■aaanreaicwts. 


Shown  in  Fig.  9  are  two  types  ol  Mandrels.  Minbers  3  and  S  arc 
the  patterns.  Munber  3  is  Made  ol  wood,  and  nuaber  6  is  steel.  Numbers 
3  and  5  are  the  plastic  reproductions.  Numbers  1  and  4  arc  the  plastic 
reproductions  alter  coating  with  RTV-dO  rubber. 


OISCOBSICM 

Ihen  eoMparing  costs  ol  plastic  Mandrels  and  aluninun  Mandrels, 
the  means  ol  producing  the  aluninun  mandrel  is  inportant.  The  facili¬ 
ties  at  the  U,  8.  Naval  Ordnance  Test  Btstion  dictate  machining  the 
mandrel  Ircm  a  solid  billet.  In  such  a  case,  the  master  mandrel  is 
likely  to  cost  from  $9,000  to  $3,000  lor  materials  and  labor.  Subse¬ 
quent  machining  of  20  identical  mandrels  does  not  lower  the  cost  per 


FIG.  9.  Master  lUndrels,  Plastic  Reproductions,  end  Plastic 
Reproductions  Coated  Wltii  Silicone  Release  Agent.  Numbers  3 
and  6  are  the  patterns,  2  and  5  are  the  plastic  reproductions, 
and  1  and  4  are  the  plastic  reproductions  coated  with  RTV-60. 

mandrel  appreciably.  In  Baking  plastic  aandrels,  the  Master  mandrel 
also  costs  from  $2,000  to  $3,000.  Hie  plastic  for  a  mandrel  will  cost 
approximately  fl.OO  per  pound.  The  RTV-60  rubber  costs  $4.00  per  pound. 
About  3  hours  labor  per  mandrel  is  required  on  small  plastic  mandrels. 
For  one  aluminum  mandrel,  In  particular,  the  pattern  cost  was  $3,000. 

The  subsequent  cost  of  30  Identical  plastic  mandrels  was  a  total  of 
$308,  or  slightly  over  $23  each.  This  cost  included  application  of 
the  RTV  rubber  release  agent  on  each  of  the  plastic  reproductions. 

If  an  alumlnim  mandrel  can  be  extruded  and  chemically  milled  to 
give  the  desiied  tapered  surface,  this  process  is  more  attractive, 
economically,  than  machined  mandrels.  Ihe  cost  of  extruded  and  chemi¬ 
cally  milled  mandrels  Is  still  likely  to  be  about  twice  that  of  plastic 

mandrels . 
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Listsd  tMlow  ar«  soim  of  th*  ftdvaAtaKet  and  diaadvaatages  of 
plaatic  maiidrela: 

Advantages 

1.  The  tlae  for  proourlag  Baadrols  la  raducad. 

2.  The  coat  of  producing  naadrala  la  reduced. 

3.  The  plastic  nandrela  are  lighter  and  easier  to  handle  than  the 
metal  ones. 

4.  Thermocouples  may  be  cast  in  any  desired  area  in  the  mandrel. 

5.  Heating  elements  can  be  encapsulated. 

6.  A  single  nold  can  produce  20  or  more  mandrels  before  patching 
is  necessary. 

7.  A  ruined  plastic  mandrel  is  inexpensive  to  replace  since  the 
central  hub  can  be  reused. 

8.  An  inexpensive  plastic  mandrel  can  be  modified  to  give  an 
entirely  new  perforation  design,  without  ruining  a  pattern  or 
starting  with  a  billet  of  metal. 

9.  No  mold  release  agent  is  required  on  the  RTV  portion  of  the 
chase,  therefore,  excellent  surface  finishes  can  be  reproduced. 

Disadvantages 

1.  Small  shrinkages  create  plastic  mandrels  slightly  smaller  than 
the  pattern.  (This  can  be  adjusted  by  the  thickness  of  the 
RTV  mold-release  agent  applied  or  by  making  an  overslae  pattern.) 

3.  Bpoxjr-aluminun  fonnulatitms  have  less  strength  than  aluminum, 
resulting  in  a  higher  damage  rate* 

3.  RTV  release  agent  is  more  susceptible  to  scratching  and  peeling 
than  a  Teflon  cfwtlng  on  aluminum. 


FUTURB  INVESTIOATIONB 

Bvaluaticms  will  be  continued  to  ia^rove  the  physical  properties 
of  plastic  mandrels.  Obe  methcxl  to  be  studied  is  the  use  of  polyamide— 
epoxy  resin  blends  or  other  semirigid  epoxies.  Mixtures  of  a  email 
portion  of  flake  aluminum  with  atomized  aluminum  powder  will  be  evaluated 
tor  their  effect  on  thermal  conductivity.  Work  in  progreaa  for  coating 
plastic  mandrela,  by  dipping,  will  be  completed  in  the  near  future. 


SUMMARr 

Production  of  plastic  mandrela  by  the  proceae  described  is  seen 
aomically  feasible.  The  use  of  STV-80  rubber  as  a  relense  agent  on 
plastic  mandrels  is  very  aetiafactory,  since  the  cast  propellent  sur¬ 
face  is  reeidtto-tree  after  meadrel  removal.  Ihe  deacrlbed  releaae  aya- 
ten  is  also  re-usable  many  tinea  before  recoating  ia  neceaaary. 
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Mdodrel  pattern*  eajr  be  fabricated  of  aany  materials.  Alumioua^ 
steel,  epoxy-aluainuM,  and  wood  have  been  evaluated. 

Plastic  mandrels  with  good  thermal  conductivities  may  be  produced 
by  increasing  the  amount  of  atomized  aluminum  powder  present  in  the 
plastic  mandrels. 

Oood  mandrel  physical  properties  are  obtained  when  mixtures  of 
epoxies  are  used. 

Reproduction  of  aandrel  surface  characteristics  using  RTV-60 
silicone  rubber  molds  is  excellent.  Mo  significant  difference  in 
finish  can  be  detected  between  a  mandrel  pattern  and  a  plastic  re¬ 
production. 


MBCMTIVE  NUMBERS  OP  ILLUSTRATIONS 

Pig.  1,  L053326;  Fig.  2,  L0d3334i  Pig.  3,  L053349;  ' 
Fig.  if  None;  Fig.  5,  Hkme^  Pig.  6^  None;  Fig.  7, 
LO»S3«a;  Pig.  a,  L0A3351i  Pig.  9,  L053364. 
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